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WHAT IS CLAIMED IS: 




l.y A system for accepting a set of n input signals for 
pr^fif^ntation to x speakers, where x is any number, said systei 
comprising: 

means for expanding in pairs certain of^ih^ signals for presentation 
to the X speakers; 

means for expanding inpalfs others of the input signals for 
presentation to the x sg^a^rs; and 

means w^n x is less than n for summing the expanded signal pairs 
for presentation to said x speakers. 



2. The invention set yfbrth in claim 1, wherein on^-ef-^Sid n 
input signals is a ceptpr spe^er sound signal,3jid'-^herein said system 
further includes: 

means when x Msjess'^fian iJ\for summing said center speaker signal 
with one ofsftid-^gxpai^ded pairs o^nput signals prior to said presentation 
to saitt^speaker s . 



^3. The invention set forth in cl9iBar2'further comprising means 
if attenuating said center soj^nd-^Si^al prior to said summing of said 
center speaker si{ 



^ The invention set forth in claim ^ wherein said attenuating is 
in the range of OdB to 6dB. 
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5. "\^he invention set forth in claim 1, wherein at least one of 
said expanding means includes a QX filter. 



6. The invention set for:th in claim 1, wherein at least one of 
said expanding means includes an OMN^SD filter. 



0 

The invention set forth in claim 1, wherein at least one of 
said expanding means includes a pair of Ql filters. 

1 

\ The invention set forth in claim 1, wherein n is 5 and x is 3. 

? 

^ The invention set forth in claim 1, wherein the first pair of 
input signals are for presentation to the front left and right speakers and 
wherein the other of said input pairs are for presentation to left and right 
rear speakers which are not physically present. 

iQ. The invention set forth in claim 5^^ wherein the rear pair of 
input signals are either monaural or stereo. 

lo 9 

"K^. The invention set forth in claim iQ, wherein said other signal 
expansion means includes a pair of Ql filters. 

\ \ <f 

i^. The invention set forth in claim J^, wherein said other signal 
expansion means includes an OMNIgSD filter. 
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t^. The invention set forth in claim ^ wherein the rear pair of 
input signals are monaural. 

^14^ The invention set forth in claim wherein said other signal 
expansion means includes an OMNIgSD circuit. 




5ftETn claim 13, wherein said other signal 
D circuit. 



J^6. The invention as set forth in claim 1, wherein at least one of 
said expanding means includes a QX dual filter. 

1^. The invention as set forth in claim 1^ wherein said QX dual 
filter includes means for attenuating the signals input to said QX dual 
filter in the range of -20dB to -80dB. 
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A method for accepting a set of n input signals for 
tion to X speakers, where x is any number, said njetliod 
"comprising the steps of: 

expanding in pairs certain of tlxe-^i^als for presentation to the 
X speakers; 

expanding in.p€(ifs others of the input signals for presentation to the 
X speakers; 

summing the expanded signal pairs when x is less than n for 
"presentation to said x speakers. 



19. The method 
signals is a center speaker 
includes the step of: 

summing-e^iS cente] 
exp^jad^^pairs of input si 
presentation to said x spe 



et forth vgl claim 18, wherein-engM^said n input 
sou35&^Bignal,^^nd''wIierein said system further 

speaker signiil with at least one of one of said 
als wljj&rTx is less than n prior to said 
kers. 



' The method set forth in claim 



comprising the step 




attenxjatiilgsaid center sound signal prior to said summing of said 
ter signal. 

The method set forth in claim wherein said attenuation is 
in the range of OdB to 6dB. 
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22. The method s Jt fo 



of: 



claim 19, further cpiapriglng ;he step 



center spund signal to a speaker when x equals 



2^>v.,.^The method set forth in claim 18, wherein at least one of said 
expanding steps^in^udes passing the sound signal through at least one QX 
filter. 



24. The method set forth in ciami 18, wherein at least one of said 
expanding steps includes the step of passing^s^d sound signal through at 
least one OMNI^SD filter. 



^1 l(. 

The method set forth in claim iS^, wherein at least one of said 

expanding steps includes the step of passing said sound signal through a 
pair of Ql filters. 





26. The method set 



18, wherein n is 5 and x is 3. 



The method set forth in claim wherein the first pair of 
input Signals are for presentation to front left and right speakers and 
wherein the other of said input pairs are for presentation to rear left and 
right speakers which are not physically available. 

53 ^ 

2>^. The method set forth in claim wherein the rear pair of 
input signals can be either monaural or stereo. 



0389670 




49617-P020US-966318 



PATENT 



20 



19. A circuit for converting four input sound signals which are for 
presentation to four speakers, to two sound signals which are for 
presentation to two of the four speakers, wherein the four speakers are left 
front, right nH?nt, left rear and right rear, and wherein the two speakers 
are the left fronts and the right front speakers, the circuit comprising: 

means for pst^ing the front left and right input signals through a 
QX filter to form a froi^t output pair of signals having a left and right 
component; 

means for passing th^ear input signals through a mono to stereo 
filter to form a rear output pair^f signals having a left and right 
component; and 

means for individually summingHhe left and right components of 
said front output pair of signals with the l^ft and right components of said 
rear output pair of signals to form a single p^r of left and right signals for 
presentation to said left front and right front speakers. 

is 

3^. The circuit set forth in claim wherein said input sound 
signals further include a center sound signal for presentation to a center 
front speaker and wherein said circuit further includes: 

means operable when said center front speaker is not present for 
attenuating said center input sound signal; and 

means for presenting said attenuated signal to said individually 
summed front output pair of signals. 



31. The circuit set ft 
operable when said center 
center input sim^i^^^said fro 



rth in cl^iHr30, further including means 
s06akerlfi^present for presenting said 
nt center speaker without modification. 
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, wherein the input sound 
rear ftft and right speakers can be 



^ ^ The circuit set forth in claim ^Cffwherein said attenuating 
means operates within the range of OdB to 6dB. 
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Gi^/ 3^ A method for converting four input sound signals which are 
for present^ion to four speakers, to two sound signals which are for 
presentation t\two of the four speakers, wherein the four speakers are left 
front, right front/4eft rear and right rear, and wherein the two speakers 
are the left front ands^he right front speakers, comprising the steps of: 

passing the front I^jt and right input signals through a QX filter to 
form a front output pair of signals having a left and right component; 

passing the rear input sighals through a mono to stereo filter to 
form a rear output pair of signals having a left and right component; and 

individually summing the left and^ght components of said front 
output pair of signals with the left and rignlKComponents of said rear 
output pair of signals to form a single pair of I^t and right signals for 
presentation to said left front and right front speakers. 



1^ ^ 

The method set forth in claim 3^, wherein said input sound 
signals further include a center sound signal for presentation to a center 
front speaker and wherein said method further includes the steps of: 

attenuating said center input sound signal when said center front 
speaker is not present; and 

presenting said attenuated signal to said individually summed front 
output pair of signals. 




36. The method se 
signals for 



t" le rear left 



Ifal or stereo signals. 



im 35, wherein the input sound 
right speakers can be 
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7. The method set forth in claim 36, wherein w^en-sSid rear 
J sound signals are monaural and wherein^said'method further 
includes the steps of: 

converting ^aid-sOund signals from monaural to stereo sound 

signals 

So 

The method as set forth in claim ^7, wherein said converting 
step includes the step of: 

separating said monaural signal into two equal information content 
input signals having a phase relationship of approximately 60*^ with one of 
the input signals attenuated from the other; and 

applying each of these signals to respective inputs of a sound 
expansion sound circuit. 

The method as set forth in claim 3*^, wherein the phase 
relationship is a phase delay and wherein the signal with the leading phase 
is the input signal that is attenuated. 

The method as set forth in claim S8, wherein said attenuation 
is sufficient to provide an equal average loudness to a listener of sound 
from said transducers. 

4;(^. The method as set forth in claim wherein said attenuation 
is sufficient to provide a sound image that is centered for a listener of 
sound. 
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^42^ The method as set forth in claim-40, wherein said attenuation 
is in the range of OdB to 6dB. 




The method as set forth in claim SS^^wljereiir'Saidphase 
tonship is appUed over atJ^asfe^theTSnge 100 Hz <. f <. 10 Khz, where 
f is frequencj 



44. The method as 
step of: 




front center speaker without 
is available. 
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45. A system for accepting a set of four input signalsobr 
presentation to two speakers, wherein a first pair of signals/are for 
presentation to front left and right speakers and wherein/a second pair of 
signals are for presentation to rear left and right spea^rs, said system 
comprising: 

means for passing the first pair of the inpyd, signals through a QX 

filter; 

means for passing the second pair o^he input signals through a 
monaural to stereo/^xpali^on circuit; am 

means foy^ summing tBe output^ignal pairs from said QX filter with 
the output signal pairs of sai<^ exp^sion circuit for presentation to left and 
right front speakers. 

\ ^ 

46. l*h€ invention/set forth in^laim 45, wherein an additional one 
of said input signals is a /enter speaker ysound signal, and wherein said 
system further \include^ 

means folr sunalining said-c^ter speaker signal with said summed 
output signals p^[i9r to said presentation to said front left and right 
speakers. 



47. / The invention set forth in claim 46, further comprising means 
for attenuating said center sound signal prior to said summing of said 
center speaker signal. 



48. The invention set forth in claim 47, wherein said attenuating 
id in the range of OdB to 6dB. 
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49. The invention set forth in claim 45, wherein said monaur^J^ to 
stereo expansion circuit includes: 

means for separating said input signals into two equal sisals 
having a phase relationship of approximately 60® with one o^he input 
signals attenuated from the other. 

50. The invention set forth in claim 49^herein said attenuation 
is in the range of ()jiB~to^dB. 

51. Theflinvention setj forth \y{ claim 49, wherein said phase 



relationship is a 



plied over at least/the range of 100 Hz <. f <. 10 Khz, 



where f is frequcsncy. 

52. TheUrrventioa^set forth claim 49, wherein said sound 
expansion circuit lis W circuit. 



53. The/invention set forth in claim 49, wherein said sound 
expansion circuit is a pair of Ql circuits. 



54/ The invention set forth in claim 49, wherein said separating 
means includes: 

means for independently modifying the phase of each of said equal 
ut signals over the entire frequency spectrum while maintaining said 
0** phase relationship at all frequencies. 
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A circuit for converting first input signals which cmaftain 
rals for driving at least four sound producing transducers to 
second sound signals which drive three or less sound prodimng 
transducers, the circuit comprising: / 

means for sound expanding a first left and rightqjair of said first 
sound signals; / 

means for passing a second left and right pair of said first sound 
signals through a stereo producing circuit; and/ 

means for summing the output of said stereo producing circuit with 
the output of said sound expanding means for presentation to said three or 
less sound producing transducers. / 

56. The circuit set forth in claim 55, wherein said stereo 
producing circuit means includesf: 

means for accepting two input signals; 

means for delaying ar first one of said input signals with respect to * 
the second one of said input signals; 

means for attenuating said second input signal with respect to said 
first input signal; / 

means for/creating from the delayed first input signal and from the 
attenuated secpnd input two independent crossover signals having 
frequencies cmly above approximately 110 Hz; 

irieams for passing each of said crossover signals through respective 
Ql filtera to create an output signal; 

/ means for summing the output of the Ql filter which is associated 
witjl the attenuated second input signal with the delayed first input signal 
tor create a first output signal; and 
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means for summing the output of the Ql filter which is associ€c6ed 
with the delayed first input signal with the attenuated second Ln^t to 
create a second output signal, said first and second outpijAs^perable for 
driving spaced apart transducers to create an expajided stereo sound image 
signal of the input sound signal. 



57. The circuit set foptli in claim 56, further including: 

means for splittiii^ a monaural input signal to two equal input 
signals for pre^^iinng to said accepting means. 

S^. The circuit set forth in claim 56, wherein said Ql filter 
passing means includes: 

means for inverting the input signal; and 

means for phase and amplitude adjusting the inverted signal. 

The circuit set forth in claim wherein said phase and 
amplitude adjusting means includes: 

means for adjusting the phase and amplitude on a frequency 
dependent basis. 



60. The circui|t\set forth) in claim 55, furthef^cluding: 

means for accepting a soj^4idd1iput for driving a center speaker; and 

means, includi«S"ptenuatibn means, for summing said accepted 
center soj^ndr^ignal witn said summfed other sound signals. 
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62. A method for converting first sound signals which contain 
sound signals for driving at least four sound producing transdtrcers to 
second sound signals which drive three or less sound producing 
transducers, the method comprising: / 

sound expanding a first left and right pair of said first sound 
signals; / 

passing a second left and right pair of said/nrst sound signals 
through the steps of a stereo producing method; and 

summing the output of said stereo producing method with the 
expanded output of said sound expanding ^ep for presentation to said 
three or less sound producing transducere. 

63. The method set forth/m claim 62, wherein said stereo 
producing output comprises the sft;eps of: 

accepting two input signals; 

delaying a first one of said input signals with respect to the second 
one of said input signals;/ 

attenuating said/second input signal with respect to said first input 
signal; / 

creating from the delayed first input signal and from the attenuated 
second input two /independent crossover signals having frequencies only 
above approxiixiately llOHz; 

passing^^each of said crossover signals through respective Ql filters 
to create an/output signal; 

summing the output of the Ql filter which is associated with the 
attenuated second input signal with the delayed first input signal to create 
a first/output signal; and 
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summing the output of the Ql filter whichjs^.assoekit^a'with the 
delayed first input signal with theafctemfSEed second input to create a 
second output signaLsftid--fffst and second outputs operable for driving 
spaced apart^fansducers to create a stereo sound image signal of the input 
Sund signal. 

The method set forth in claim further comprising the step 



of: 




splitting a monaural input signal to two equal input signals for 
to said input signal accepting step. 



he method set forth in claim 63, wherein said Ql filter 
includes the step of: 

inverting the input signal; 

phase adjusting^the'lnverted signal; and 

itude adjusting the phase adjusted signal. 



66. The method set forth in claim 65, wherein said phase 
adjusting step includes the step of adjusting the phase on a frequency 
dependent basis; and wherein said amplitude adjusting step includes the 
step of adjusting the amplitude on a frequency dependent basis. 
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69. A method for creating a stereo surround sound image for a 
hstener positioned with respect to first and second sound transducers from 
a plurality of sound inputs which are directed to at least four transducers, 
where the sound inputs for the two speakers which have been eliminated 
5 are monaural, said method comprising the steps of: 

accepting said sound inputs on two inputs; 

attenuating one of said monaural inputs; 

delaying the other one of said monaural inputs; 

modifying each of said attenuated and delayed input signals by 
10 removing therefrom all frequencies below a cutoff frequency; 

providing said modified signals to the respective inputs of Ql filters; 

summing the output of the attenuated signal Ql filter with the 
delayed first input signal to provide a first output signal for presentation 
to the sound transducer; and 

15 summing the output of the delayed signal Ql filter with the 

attenuated input signal to provide a second output signal for presentation 
to the second sound transducer. 

The method set forth in claim 6^, wherein said cutoff 
frequency is llOHz. 

aI. The method set forth in claim wherein said Ql filters 
invert, phase adjust and amplitude adjust the presented signals. 

—527 The method set forth in claim-^, wherein said phase 
adjustment is different for different frequencies. 




0389670 



